
 Chemistry Revision Themes

Part I

Themes:

Atomic Structure

Chemical Bonding

      Formulae, Equations & Moles

The Periodic Table

Oxidation & Reduction

Inorganic Chemistry



                                   Chemistry Themes

                                         CONTENT

First Year (AS) Chemistry guide:           Second Year (A2) Chemistry guide:
(NB: Consult your examining board syllabus to establish precise requirements)

Part I:
Theme One: Atomic Structure
Components of the atom, Electron shells, Isotopes, Mass spectrometer,
The Bohr atom & electron transitions, Orbitals and relative orbital energies,
Electron configurations, Ionization energies, Electron affinities
Theme Two: Chemical Bonding & Structures
The noble gas structures, Ionic bonding, Properties of ionic substances,
Covalent Bonding, Properties of covalent substances, Pi & sigma bonds, Dative
Covalency, Polar molecules & hydrogen bonding, van der Waal forces,
Dual covalent-inorganic nature of some compounds, Metallic bonding,
Molecular geometry.
Theme Three: Formulae, Equations & Moles
Element symbols, Chemical formulae, Balanced chemical equations, The mole
Molar volume, Empirical & Molecular formulae, Percentage composition, Structural
formulae, Water of crystallisation, Reactions involving gases
Theme Four: The Periodic Table
Dimitri Mendeleev, Groups and Periods, Periodicity, Electrical conductivity, Melting
points & Boiling points, Ionisation energies, Electronic structures, Atom sizes, Isoelec-
tronic ions.
Theme Five: Oxidation & Reduction
 Discovery of oxygen, Oxidation & reduction, Oxidation number, Blast furnace, Cata-
lytic converter, Redox, Electron transfer, Half equation, Application of oxidation
number, Balancing chemical equations.
Theme Six: Inorganic Chemistry
Halogens, The s-Block Elements, The Period 3 Elements, Transition Metals

Page

1

4

12

19

23

28

©2010



1

shells

(different mass numbers)

eg,
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Atom model

Neon discharge tubes were produced by the
French chemist, Georges Claude in about 1910.

 Neon advertising signs became popular
 in the US & Europe in the 1920’s.
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Orbital boxes

[Answer to question on previous page: Sodium Flame: Heat energy from the bunsen flame promotes an electron, in the sodium atom,
to a higher energy level. Subsequently the electron returns to its original energy level and emits energy corresponding to yellow light in
the visible region of the electromagnetic spectrum.]
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As a general rule:

Atoms attain the electronic structures of the noble gases on chemical combination.
This simple rule helps you to decide the type of bond formed between atoms

on chemical combination and how many bonds will be produced.

The ionic bond involves strong electrostatic forces of attraction between
the oppositely charge calcium and chloride ions.
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The covalent bond involves forces of attraction
between the positively charged nucleii and the shared electrons.
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Sigma ( ) & Pi ( ) Bonds:
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NH3(g)  +  HCl(g)   = (s)
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(T.S. Moore & T.F. Winmill (1912) are credited with introducing the idea of hydrogen bonding)
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J.D. van der Waals (1837-1923).

Kasimir Fajans
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Graphite has a soapy, slippery, feel. It is flaky and easily powdered.
Graphite will also conduct an electric current because there are

unbonded electrons in the layers which carry the current.

Another form of carbon known
as buckminsterfullerene discovered

in 1985 by H.Kroto consists of
C60 particles.

The structure is unsaturated and can be hydrogenated.
When combined with certain metals such as rubidium

it becomes a good conductor of electricity.

C60
(a ‘buckyball’)
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F

B
F F

trigonal planar
boron trifluoride

120o

F

B
FF F

tetrahedral
boron tetrafluoride ion
(the 4th F bonds as a F-

donating a pair of electrons
into an empty 2p orbital of the boron)

109o

Cl

C
F

F
F

tetrahedral
chlorotrifluoromethane
(Cl-C-F angle slightly
larger than 109o due to
larger size of Cl atom

compared with F atom)

In these structures the bonding pairs and lone pairs are positioned as far apart as possible to reduce
repulsive forces and give the molecules their most stable structures.

This results in many of the molecules having three dimensional shapes.
Order of repulsive forces between electron pairs:

lone pair - lone pair > lone pair - bonding pair > bonding pair - bonding pair

electron pair
repulsions

dictating bond
angles

Bent water molecule

bond angle less than 109o due to the repul-
sive forces of the two lone pairs acting on

one another and on the bonding pairs

pyramidal ammonia molecule
Bond angle a little less than 109o due to
the influence of the single lone pair on

the bonding pairs.

repulsion
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Balanced chemical equations indicate:

• How substances can be made.
• Reacting mole ratios.
• Physical states of reactants and products.

2 mol
168g

1 mol
106g

1 mol
44g

1 mol
18g

Sodium hydrogencarbonate               sodium carbonate         carbon dioxide             water

heat2 N a H C O 3 ( s ) N a 2 C O 3 ( s ) + C O 2 ( g ) + H 2 O ( g )

By the way!
A mole (Latin for heap) of an element or compound or ion is
that number of fundamental particles of the substance as

there are atoms in 12 g of the carbon-12 isotope,
ie,

Also, the molar mass of an element or compound provides
one mole.

6 . 0 2 x 1 0 2 3 m o l - 1 ( A v o g a d r o 's n u m b e r )
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(Note: This can be confirmed by substituting,
P = 1 atm, n = 1 mol, R = 0.0821 dm3 atm mol-1 K-1,

T = 293 K into the ideal gas equation
and calculating V (dm3).

Ideal gas equation given on page 18.)

2Na(s)  +  Cl2(g)              2NaCl(s)eg,

2 mole of solid Na reacts
with 1 mole of gaseous chlorine

Or
46g (2 mol) of Na reacts with

71g (1 mol) of Cl2

2 mole of solid NaCl
is formed

Or
117g (2 mol) of NaCl

A reaction like this one between sodium and chlorine goes very readily and the yield of sodium
chloride is very good (ie, all of the reactants are converted to product, 100% yield).
However if, in an experiment, only 100 g of sodium chloride was isolated (from the given
amounts of reactants), the % yield would be, (100 / 117) x 100 = 85.47%.

Note: This decomposition reaction is the final stage in the Solvay process for manufacturing
sodium carbonate. On the face of it, it seems rather uneconomic since some of the carbon is
lost as carbon dioxide instead of forming carbonate. The so called % atom economy, in terms
of sodium carbonate, would be only, (106 / 168) x 100 = 63.1%. However, the carbon dioxide
is not wasted since it is recycled and used in the first stage of the Solvay process!

Sodium hydrogencarbonate (sodium bicarbo-
nate) is a constituent of baking powder. It is
used as a raising agent since it readily de-
composes on gentle heating to provide car-
bon dioxide.
One mole of the hydrogencarbonate can pro-
vide 44 g (or 24 dm3 measured at rtp) of
CO2.
The residual anhydrous sodium carbonate is
stable to further heating.

Remember:
1 mole of any gas occupies 24 dm3

at room temperature & pressure
(20oC, 1 atm).



Empirical formula (EF) - the simplest
formula for a substance- states only the

type and ratio of atoms.
eg,

The hydrocarbon gas ethyne
(acetylene) EF = CH

ie, comprises carbon and hydrogen in
the atom ratio 1:1.

However, the formula of one molecule
of the substance (the molecular

formula) is

Mass spectrometry may be used to
establish empirical and molecular

formulae although other methods of
analysis are also available.

C 2 H 2

Analysis of copper(II) oxide

O 2
copper Copper(II) oxide

Mass of crucible & lid 20.25g
Mass of crucible, lid & copper 20.53g
Mass of crucible, lid & copper oxide 20.60g

Element Mass Mole
copper 0.28g 0.28/63.5 = 0.0044 mol
oxygen 0.07g 0.07/16 = 0.0044 mol

Copper & oxygen combine in equal amounts, ie, 1:1 mole ratio. Empirical formula of
the oxide is CuO.

The percentage of copper in the oxide is (0.28/0.35) x 100 =
80%. Percentage oxygen is 20% ( (0.07/0.35) x 100 = 20%).

14



Since mole ratios are directly proportional to atom ratios the ratio of hydrogen atoms to
oxygen atoms in hydrogen peroxide is 1:1

Therefore EF = HO
Mass spectrometry shows that hydrogen peroxide has a relative molecular mass of 34.

This is twice the EF therefore the molecular formula of hydrogen  peroxide is

Percentage Composition & Empirical Formulae

Hydrogen Peroxide Percentage(%)

Hydrogen  5.88
Oxygen 94.12

eg,

H 2 O 2

100g of hydrogen peroxide is comprised of 5.88g hydrogen combined with 94.12g of oxygen

To find the mole amounts divide the masses by the relative atomic masses

Hydrogen Peroxide Percentage(%) Mole

Hydrogen  5.88  5.88/1 = 5.88
Oxygen 94.12 94.12/16 = 5.88

A gaseous compound gave on analysis:

Element Carbon Hydrogen Oxygen
% 40.04 6.66 53.30
Divide by ram 40.04/12 6.66/1 53.03/16
Mole ratios 3.33 6.66 3.33
Atom ratios 3.33/3.33 = 1 6.66/3.33 = 2 3.33/3.33 = 1

E m p i r i c a l f o r m u l a = C H 2 O

Mass spectrometry shows that this compound has a relative molecular mass of 30, therefore its molecular formula is
the same as its empirical formula.

It structural formula is:

H C

O

H

15
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water vapour

hydrated
Copper
sulphate

anhydrous
Copper
sulphate

Salts often have water incorporated in their crystal lattices.
eg C u S O4  .  5  H  2  O  (  h  y  d  r  a  t  e  d  c  o p   p  e r   s  u  l  p h  a  t e   )

M g S O 4  .  7  H  2  O  (  h  y  d  r  a  t  e  d  m   a g n  e s  i  u  m   s  u   l p  h a t e )
N a 2 C O 3 . 1 0 H 2 O ( h y d r a t e d s o d i u m c a r b o n a t e )

It is often possible to determine the amount of
water of crystallisation by heating the salt in a

crucible and recording the overall loss in mass.

Stage  Mass

Crucible + lid 19.84g

Crucible + lid + hydrated copper
sulphate

25.84g

Crucible + lid + anhydrous copper
sulphate

23.68g

Hydrated copper sulphate 25.84 - 19.84 = 6.00g

Mass of water lost 25.84 - 23.68 = 2.16g

% water of crystallisation (2.16/6.00) x 100 = 36.00%

Adding water to the anhydrous
salt restores the blue hydrated

form.

C  u  S  O   4 ( s ) + 5 H 2 O ( l ) C u S O  4  .  5  H 2 O ( s ) + h e a t w
  h  i  t e                 b  l  u e

We can also use this data to establish the formula of the hydrated salt:

Anhydrous copper sulphate 3.84g

Water of crystallisation 2.16g

Mole of anhydrous copper sulphate 3.84/159.5 = 0.024

Mole of water of crystallisation 2.16/18 = 0.12

Mole ratio: copper sulphate:water 0.024:0.12 ie, 1:5

T h e r e f o r e , C u S O 4 . 5 H 2 O

eg,

Water of Crystallisation
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C a C O 3 ( s ) + 2 H C l ( a q ) C a C l 2 ( a q ) + C O 2 ( g ) + H 2 O ( l )

eg,

Calcium carbonate
- main constituent of limestone

Carbon dioxide

2 H 2 ( g ) + O 2 ( g ) 2 H 2 O ( l )
2 m o l 2 m o l

3 6 g ( a p p r o x . 3 6 c m 3 )
1 m o l

Highly exothermic!

M g ( s ) + H 2 S O 4 ( a q ) M g S O 4 ( a q ) + H 2 ( g )
1  m  o l

2  g
2 4 d m 3Metals in the top half of the reactivity series react with

dilute sulphuric and hydrochloric acids producing a salt
and hydrogen.

The ionic form of the above equation shows that the
sulphate ions are spectator ions (ie, do not participate

chemically).

M g ( s ) + 2 H + ( a q ) M g 2 + ( a q ) + H 2 ( g )

provided by the sulphuric acid

an ionic equation

1 m o l C a C O 3 g i v e s 1 m o l C O 2

At room temperature and pressure (20oC & 1 atm) this amount
of gas occupies 24 dm3.

All gases at room temperature and pressure occupy 24 dm3
(Avogadro’s Law)

Amadeo Avogadro
Italian physicist
(1776 - 1856)



graduated syringe

dil. hydrochloric acid
zinc

hydrogen

Consider these experiments:
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3 6 . 7 c m 3 o f H 2 f i n a l l y c o l l e c t e d

Ionic equation:

Zn(s) + 2H+(aq) Zn2+(aq) + H2(g)

1 mol 1 mol, 24 dm3

Mol of hydrogen collected = 0.0367
24

= 0.00153

Then, mol of zinc reacted = 0.00153
now, 1 mol Zn = 65.4 g
therefore, 0.00153 mol Zn = 0.00153 x 65.4 = 0.100 g

What mass of Zn would have
been required to produce

this volume of hydrogen at
room temperature and pressure?

1

2
Molar mass of a volatile liquid?  (using the Dumas method & the ideal gas equation).

mass

Heater
Mass of flask, Al foil

and elastic (or wire) band = m1
Introduce 2-3 cm3

of test liquid
(an excess)

Immerse flask in hot
water and heat until

the test liquid disappears
(keep foil out of the water!)

Remove flask from
hot water, allow to cool,

dry flask and weigh,
mass = m2

volume of flask = V m3
(measured by filling to

the top with water from a
measuring cylinder)

This equals the volume of the vapour
in the flask

Using barometer, measure
air pressure = P Nm-2

escaping vapour of
test liquid

Neck of flask covered
with foil & secured with
with elastic or wire band

In the experiment,
P = 101 400 Nm-2
V = 1.40 x 10-4 m3

R = 8.314 J mol-1 K-1
T = (90 + 273) K
m1 = 60.045 g
m2 = 60.460 g

Molar mass (M) =

0.415 x 8.314 x 363

101 400 x 1.40 x 10-4
= 88.2 g mol-1

Ideal gas equation

(The test liquid was hexane (bp 69oC, M = 86 g mol-1).
 What is the % error in the result?)

 Jean Dumas (about 1820)

PV = nRT
PV = (m2 - m1) RT

M = (m2 - m1) RT
PV

M

m = sample mass (g)
M = molar mass (g mol-1)

n = moles

record temperature
(90 - 100oC)
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1st ionisation
energy

kJ per mol
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A good, modern, example of the application of oxidation and reduction is in the catalytic converter
as used in cars and commercial vehicles. The gases from the combustion cylinders pass into the ex-
haust system which incorporates a chamber (ie, the catalytic converter) containing a ceramic block
of narrow tubes. These tubes are coated with aluminium oxide impregnated with platinum and rho-
dium catalysts. At the temperature of the exhaust system the waste gases are rendered
‘environmentally safe’. CxHy

CO
NOx
CO2
H2O

CO2
H2O
N2

CxHy + (x + y/4) O2 x CO2 + y/2 H2O

2CO + O2 2CO2

2NOx N2 + xO2

Pt
Ox'n

Pt
Ox'n

Rh

red'n

Waste
gases
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(oxidation is loss, reduction is gain)
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1.

2.

3.
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French chemist
H. Moissan (1886)

German chemist C.J. Lowig (1825)
& French chemist A. Balard (1826)

Swedish chemist
C.W. Scheele (1774)

French chemist
B. Courtois (1811)
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graphite anode

steel cathode

molten sodium and
calcium chloride
600oC

2Na+  +  2e-         2Na

2Cl-       Cl2  +  2e-

(Answers bottom
of next page)
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(lilac = potassium, green = barium,
red (brick) = calcium, yellow = sodium)
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Transition metals are defined as elements which have at least one of their ions with a partly filled d-sublevel. In
the first transition series all of the elements satisfy this definition except for scandium and zinc. These metals only
exhibit one oxidation state each (ie, Sc(III) and Zn(II)). In Sc(III) there are no electrons in the 3d level. In Zn(II)
the 3d level is full.
Since both the 3d and 4s electrons are available for bonding purposes the metals, Ti to Cu, exist in a large number
of oxidation states. Manganese, for example, shows seven oxidation states, II and VII being the most common.

Atomic radii and ionisation energies change only gradually across the series

First transition series

atomic radii (pm)

80

90

100

110

120

130

140

150

160

20 22 24 26 28 30 32

Atomic number

1st ionisation energy kJ per mol

500

550

600

650

700

750

800

850

900

950

20 22 24 26 28 30 32

Atomic number

3d1 4s2  3d2 4s2  3d3 4s2  3d5 4s1  3d5 4s2   3d6 4s2   3d7 4s2   3d8 4s2  3d10 4s1 3d10 4s2
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As a result of their small atom sizes and the ability of adjacent atoms to share electrons, the transition metals have
high densities and high melting points. Zinc and titanium are exceptions since zinc melts at the relatively low tempera-
ture of 419oC and titanium has a low density of 4.49 g cm-3

Ions in which the transition metal atom is bonded to a number of electron donating atoms or groups (known as lig-
ands).
eg,

    The number of ligands attached to the central metal
     ion is known as the co-ordination number.
     In this example the co-ordination number is six.

Solutions of hydrated ions, like this, are weakly acidic due to dissociation.
ie,

Generally, the higher he charge on the metal ion the more acidic the solution.
The reaction is an example of a deprotonation reaction.

Water molecules are weakly held ligands which can be replaced by stronger ligands. Adding brine (NaCl(aq)), for ex-
ample, to a solution of the hydrated Cr3+ ion produces a colour change as chloride ions replace the water molecules.

Some ligands can occupy more than one co-ordinating position. They are called chelating agents (Greek - crab-like).
Oxalate (ethanedioate) ion and ethane-1,2-diamine are good examples. These are called bidentate ligands because they
form two dative links to the central metal ion.
eg,

Note: not all transition metal complexes have octahedral structures.
eg,

Complex ions

Cr

OH2

OH2

OH2

OH2

H2O

H2O
octahedral distribution
of water molecules about
the central Cr3+

Cr3+ + 6H2O [Cr(H2O)6]3+

a complex ion
(green)

[Cr(H2O)6]3+ [Cr(H2O)5OH]2+ + H+

Cr

OH2

OH2

OH2

H2O

H2O
O

H

H OH2

Cr

OH2

OH2

OH2

H2O

H2O
O

H
+ H3O+

3+

3+ 2+

base
acid

conjugate
base

conjugate
acid

[Cr(H2O)6]3+ [Cr(H2O)5Cl]2+ + H2O+ Cl- (aq)
pale green

[Cr(H2O)5Cl]2+ + Cl- (aq) [Cr(H2O)4Cl2]+ + H2O

dark green

green

[Co(H2O)6]2+ [Co(en)3]2+ + 6H2O+ 3(en) (aq)

where 'en' = H2NCH2CH2NH2 (ethane-1,2-diamine)
NH2

N
H2

H2N

H2N

NH2

Co2+

H2N

H2
C

CH2

H2C
H2C

H2
C

H2C

Just as a matter of interest, the substance EDTA (ethylenediaminetetraacetic acid)
forms six dative links (hexadentate) to transition metal ions. It is an important reagent
in the analysis of transition metals & in the treatment of lead poisoning.
Haem, a component of blood haemoglobin, is a chelate of iron(III). Chlorophyll is a chelate
of magnesium.

PtH3N

NH3

Cl

Cl square planar cisplatin

This is an important anticancer drug.
(The trans form, with the Cl’s 180o with
respect to one another, is inactive.

Zn
H3N

NH3

NH3
NH3

2+

tetrahedral
Formed when freshly formed
zinc hydroxide is dissolved in
excess ammonia solution.

Ag NH3H3N
+

linear with respect to the NH3 groups.
Present in Tollen’s reagent
(test reagent for aldehydes).

(note: the blue lines are not
bonds - they are included
simply to illustrate & emphasise
the octahedral shape!)

dative bond
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Another characteristic feature of transition metals is that they form a large number of coloured compounds.
eg,

The colour is due to the metal ion absorbing visible light, eg, Cu2+(aq) absorbs red/yellow light leaving residual blue
light. The light absorbed has just the right amount of energy to promote the d electrons to higher energy levels.
If the metal ion is surrounded by six octahedrally positioned ligands then the d orbitals separate (or split) into two
sets, high energy (eg) and low energy (t2g). The high energy orbitals are those closest to the ligands:

CuSO4 (hydrated) -------- blue
Ni(NO3)2 " -------- green
CrCl2 " -------- blue
MnCl2 " -------- pink
FeSO4 " -------- pale green
TiCl3 " -------- violet

E

eg

t2g

low energy
orbitals

high energy
orbitals

5 degenerate
3d orbitals

z x

x x y

dxzdxy dyz

y

y z z

Crystal field
(ligand) splitting

Depends on the nature
of the ligand, eg, CN-
exerts a stronger field
than H2O & causes larger

E
Note: for tetrahedrally
distributed ligands, eg are low
energy & t2g are high energy

h
eg, Ti(H2O)63+

yellow & green light
absorbed

violet light
transmitted

[Ar] 3d1 4s0

splitting

Colourful Vanadium Chemistry (summary):

[V(aq)]2+

[V(aq)]3+

[VO(aq)]2+

[VO2(aq)]+

V2O5

Zn/Hg H2SO4/air

Sn2+(aq)

SO32-(aq)

strong acid

H2O/O2

MnO4-/H+

NH3/heat solid (NH4VO3)

vanadium(II) ion

vanadium(III) ion

oxovanadium(IV) ion

dioxovanadium(V) ion

vanadium(V) oxide

Ion/compound
colours
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Catalysts
These are substances which alter the rate of a reaction by providing an alternative reaction pathway. Positive catalysts
provide a less energetic route. Transition metals and their compounds provide very useful industrial catalysts.

eg,                        V2O5             Contact process
                             Fe/Fe2O3       Haber process
                             Ni                   Reduction of alkenes
                             Pt/Rh              Ostwald process (oxidation of ammonia)
                             TiCl3              Polymerisation of alkenes
These are examples of heterogeneous catalysts. They are in a different phase to the reactants. This situation is gener-
ally preferred for industrial processes because, (i) they can be easily separated from the products, (ii) they are general-
ly more suited to continuous industrial processes (rather than batch) and (iii) they can show stereospecificity (ie.,
produce one optical isomer rather than the other!).

Some Copper Chemistry

Cu2+
OH2

OH2

OH2

OH2

H2O

H2O

octahedral hexaaquacopper(II) ion
                 BLUE

NaOH(aq)

hydrated Cu(OH)2
PALE BLUE solid

NH3(aq)

Cu(H2O)4(OH)2 (s) + 4NH3(aq)

[Cu(NH3)4(H2O)2]2+ (aq) + 2OH-(aq) + 2H2O(l)

DARK BLUE ion

Manganese(II) and cobalt(II) solutions:
Both are pink but they can be distinguished using sodium hydroxide solution & ammonia solution:
Adding sodium hydroxide solution to a solution of manganese(II) ion produces light brown
manganese(II) hydroxide. This is insoluble in excess NaOH(aq) and insoluble in ammonia solution.
With sodium hydroxide solution, cobalt(II) solutions give a blue precipitate of cobalt(II) hydroxide.
This turns pink on standing. The hydroxide is soluble in ammonia solution forming the blue [Co(NH3)6]2+ ion

Which is readily oxidised to [CoNH3)6]3+ in air; this is yellow.

On a point of interest, hydrated cobalt(II) chloride is pink due to the octahedral [Co(H2O6)]2+ ion. On heating this

 ion loses some water and forms the blue tetrahedral [Co(H2O)4]2+ ion. The change is reversible.

Chromium(III) and Nickel(II) solutions:
Both are green but they can be distinguished using sodium hydroxide solution & ammonia solution:
Adding sodium hydroxide solution to chromium(III) solutions gives a green precipitate of chromium(III) hydroxide.
It is insoluble in ammonia but soluble in excess sodium hydroxide solution forming the dark green [Cr(OH)6]3+ ion.
With sodium hydroxide solution nickel(II) solutions give a pale green precipitate of nickel(II) hydroxide.
This is insoluble in excess sodium hydroxide solution but soluble in ammonia solution forming the deep blue
[Ni(NH3)6]2+ ion.

Copper(II) sulphate solution

tetraaminediaquocopper(II)
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